BACKGROUND AND OBJECTIVE: Affect and how it is regulated plays a role in pain perception, maintenance of pain, and its resolution. This randomized, controlled trial evaluated an innovative affective self-awareness (ASA) intervention, which was designed to reduce pain and improve functioning in individuals with fibromyalgia. PARTICIPANTS AND METHODS: Forty-five women with fibromyalgia were randomized to a manualized ASA intervention (n=24) or wait-list control (n=21). The intervention began with a one-time physician consultation, followed by 3 weekly, 2-h group sessions based upon a mind-body model of pain. Sessions focused on structured written emotional disclosure and emotional awareness exercises. Outcomes in both conditions were measured by a blinded assessor at baseline, postintervention, and 6-month follow-up. MEASURES: The primary outcome was pain severity (Brief Pain Inventory); secondary outcomes included tender-point threshold and physical function (SF-36 Physical Component Summary). Intent-to-treat analyses compared groups on outcomes using analysis of covariance and on the proportion of patients achieving ≥30% and ≥50% pain reduction at 6 months. RESULTS: Adjusting for baseline scores, the intervention group had significantly lower pain severity (p< 0.001), higher self-reported physical function (p < 0.001), and higher tender-point threshold (p=0.02) at 6 months compared to the control group. From baseline to 6 months, 45.8% of the ASA intervention group had ≥30% reduction in pain severity, compared to none of the controls (p<0.001). CONCLUSIONS: The affective self-awareness intervention improved pain, tenderness, and self-reported physical function for at least 6 months in women with fibromyalgia compared to wait-list control. This study suggests the value of interventions targeting emotional processes in fibromyalgia, although further studies should evaluate the efficacy of this intervention relative to active controls.
INTRODUCTION
Fibromyalgia is characterized by chronic widespread pain (for at least 3 months in four body quadrants) and excessive tenderness in at least 11 of 18 tender points 1 . Common co-morbid conditions include fatigue, headaches, irritable bowel syndrome, and temporo-mandibular joint disorder 2, 3 . Fibromyalgia affects 2-4% of the population, particularly women 4 , and despite neurological underpinnings [5] [6] [7] , many clinicians view fibromyalgia in the spectrum of medically unexplained syndromes 8 . The suffering of this population is substantial, there is little spontaneous improvement in symptoms over time 9, 10 , and effective treatment approaches are needed 11 . Despite new pharmaceutical options, lack of therapeutic response occurs in at least half of patients 12, 13 . Non-pharmacological treatments, such as exercise, behavioral activation, and cognitive-behavioral therapy, enhance physical function and mood, but have limited effects on pain [14] [15] [16] [17] .
The limited efficacy of current treatments for fibromyalgia may stem, in part, from the minimal emphasis placed upon psychological stress regulation of affect. Individuals with fibromyalgia report elevated lifetime experiences of victimization, including childhood trauma (e.g., physical or sexual abuse) and adult stressors (e.g., marital discord, work conflict) [18] [19] [20] . Such histories likely contribute to the elevated anxiety and depressive disorders found in these individuals [21] [22] [23] . These retrospective data are supported by prospective findings that workers exposed to workplace bullying had a four-fold increased rate of developing fibromyalgia 24 . Negative effects of stressors can be Supported in part by the Scott F. Nadler, DO, Research Grant (Physiatric Association of Spine, Sports, and Occupational Rehabilitation) and by grant numbers U020912 (Michigan Institute of Clinical and Health Research); T32-HD007422, K12HD001097 (NICHD/NIH); AR049059 (NIAMS/NIH); and DAMD 17-00-2-0018 (Department of Defense).
Clinicaltrials.gov identifier NCT00437411 maintained by avoiding or inhibiting emotions 25 . Studies suggest that individuals with fibromyalgia are more likely than controls to have deficits in emotional awareness, difficulty distinguishing positive from negative emotions, and reluctance to verbally express feelings, particularly anger [26] [27] [28] [29] [30] . These emotional limitations are linked to increased pain 28, 30 . We developed a treatment approach for pain disorders of central pain augmentation 7 , including fibromyalgia, which focuses on the relevance of emotional factors in the onset and exacerbation of symptoms. This model was influenced by one popularized in the lay press 31,32 that emphasizes the importance of an internal locus of control over one's health 33 . This approach is also supported by recent theories on emotion and pain, including the roles of fear avoidance 34 and acceptance of pain experiences 35 . Finally, there is evidence demonstrating the beneficial effects of writing about stressful experiences and mindfulness meditation in fibromyalgia [36] [37] [38] [39] [40] . We report here on a randomized, wait-list controlled trial demonstrating post-treatment and 6-month follow-up effectiveness of an Affective Self-Awareness (ASA) intervention, which places primary importance on the awareness and expression of emotions underlying the initiation and exacerbation of fibromyalgia symptoms.
METHODS

Participants
Participants were recruited through flyers sent to physicians, local advertisements, and presentations at fibromyalgia support group meetings. Interested individuals underwent a screening interview and 2-h evaluation performed by a physical medicine and rehabilitation specialist (M.C.H.) that included a thorough medical history and physical, along with baseline tender point assessment to confirm the diagnosis.
Inclusion criteria were: female; aged 18 or older; and fulfilling the 1990 criteria for fibromyalgia 1 . To increase generalizability, we had few exclusion criteria: serious comorbid medical conditions that could confound the influence of fibromyalgia in the next 6 months (e.g., cancer, heart disease); current, serious psychiatric disorders involving psychotic symptoms, recent suicide risk or substance abuse, as determined by a structured interview based on DSM-IV criteria 41 ; and changes in pain medication within 1 month prior to enrollment, to maintain stability in medical care. We did not exclude patients in psychiatric treatment or who had other psychiatric disorders (e.g., anxiety, post-traumatic stress disorder, depression), autoimmune disorders, or other disorders of central sensitization (e.g., irritable bowel syndrome, migraine headaches). All participants signed IRB-approved informed consents and were reimbursed $50 for completing the assessments; the intervention was free-of-charge.
Randomization and Assessor Blinding
A computer-generated randomization scheme allocated cases. Sealed envelopes containing assignment to the intervention or wait-list (WL) control were handed to qualifying subjects following the baseline assessment, and the assessor remained blinded to group assignments throughout the 6-month study period.
Study Interventions
The ASA intervention followed a manualized protocol. The physician (H.S.) first conducted a 90-min individual consultation to investigate participants' medical and psychosocial history and identify linkages between life stressors, emotional responses, and onset and exacerbation of symptoms of fibromyalgia and associated disorders 42 . The pain experience of each participant was validated, and a model for understanding pain as a "mind-body syndrome" was offered: affectively charged experiences amplify pain processing in the central nervous system, contributing to the development and maintenance of fibromyalgia symptoms. Participants were asked to read The Mindbody Prescription by Sarno as a standardized text supporting the intervention 31 . Following the consultation, groups of 8 to 12 patients attended three 2-h small-group sessions, held at 1-week intervals, conducted by the physician (H.S.). The curriculum adhered to the treatment manual and consisted of four components: education regarding a psychophysiological model of chronic pain, written emotional disclosure about stress, affective awareness techniques, and re-engagement in previously avoided activities. The education component included research and case studies documenting the central role of biopsychosocial processes in fibromyalgia and associated conditions. Written emotional disclosure was performed for 30 min daily as homework and consisted of writing about stress and emotions in free-writing prose, unsent letters, and imagined dialogues. Affective awareness techniques consisted of daily CD-guided exercises that encouraged mindfulness towards one's breath, body, and emotions; non-judgmental awareness of these emotions; and affirmations of self-acceptance and self-healing. Re-engagement in activity consisted of increased physical and leisurely activity and to not allow pain to dissuade them from engaging in important relational experiences and other activities. After the final session, the physician contacted each participant for a 15-20-min phone call to address any remaining concerns and encourage further practice. Participants randomized to the control group were free to engage in any interventions on their own, as recommended by their providers, and were invited to participate in the ASA intervention following a 6-month waiting period.
Outcome Measures
All measures, except tender-point threshold, were assessed at baseline, post-intervention (6 weeks post-randomization for controls), and 6 months post-randomization. The primary outcome measure was pain severity, measured by the Brief Pain Inventory (BPI 43 ) Pain Severity scale, which yields four pain intensity ratings: current pain, worst, least, and average pain over the previous week, each rated on a 0-10 scale (0 = "no pain" and 10 = "pain as bad as you can imagine"). The BPI is well validated in chronic pain populations 44 . Secondary pain outcomes included: The number of painful body regions (BPI Painful Body Regions, range 0-29); interference of pain on daily tasks (BPI Pain Interference, range 0-10); tender-point threshold (explained below); health-related physical and mental function (SF-36 45 Tender-point threshold was assessed at baseline and 6 months post-randomization using a modified dolorimeter (Chatillon, model LG-010), containing a 1-cm diameter rubber stopper over the bottom shaft of the force gauge. At each of the 18 tender points 1 , increasing pressure was applied at a rate of 1 kg/s, and the participant was instructed to say "pain" as soon as the sensation changed from an experience of pressure to definitive pain. Tender-point threshold was calculated as the average pain threshold (kg) over all 18 tender points, with a higher threshold indicating decreased pain sensitivity 49, 50 .
Mean tender point threshold has been used as a secondary outcome measure in several fibromyalgia clinical trials [51] [52] [53] .
Sample Size Calculation and Statistical Analysis
Although previous pilot data were not available, we expected a modest (1.5 points on a 10-point scale) reduction in BPI Pain Severity score attributable to the intervention, relative to control. Given previously reported SDs of 1.8 on this scale in fibromyalgia 54 , the sample size needed to detect an effect of this size, with a two-tailed alpha of 0.05 and power of 0.80, was 18 per group. Accounting for an expected 20% drop-out rate, a total sample size of 45 was necessary. All variables were tested for normal distribution prior to analyses. To determine the success of randomization, baseline values were compared between groups using two-tailed independent samples t-tests. For outcomes, we used intent-to-treat analyses with last observation carried forward for those few patients who withdrew, thereby analyzing all randomized participants. Outcome analyses used analysis of covariance (ANCOVA) with the baseline score serving as the covariate. Also, the primary outcome was examined for "responder" status, that is, whether a patient experienced 30% or 50% reductions in pain severity from baseline to 6-month follow-up, and whether the patient scored less than 3 out of 10 on the BPI Pain Severity scale at 6-month follow-up. These analyses used two-sided Fisher's (chisquare) exact tests. All tests used alpha of 0.05.
Within-group effect sizes of the ASA intervention on the primary outcome were calculated as a change score (posttreatment or follow-up minus baseline) divided by the ASA group's baseline SD. Between-groups effect sizes were calculated as the difference between group change scores, divided by the baseline SD for the entire sample. Figure 1 shows participant flow through the study; of the eight women who did not meet the study criteria, seven did not have fibromyalgia, and one had a comorbid medical condition.
RESULTS
Forty-five participants were randomized to the ASA group (n=24) or control group (n=21). Three intervention participants withdrew after the initial consultation session because of scheduling difficulties. There were no other drop-outs in either condition throughout the remainder of the study.
Of the 45 randomized participants, the ASA and control groups did not differ (all p>0.22) in demographics or medical history; the sample averaged 50.1 years of age (SD=10.0, range: 25-66) and 12.7 years since fibromyalgia pain onset (SD=11.6, range: 1-45); 40% were receiving disability, 55.5% were college graduates, 44.4% had co-morbid affective disorder, 42.2% had cluster B or C personality disorder, and 29% had current or past treatment with duloxetine or pregabalin. Table 1 shows baseline data for each group on the outcome measures. By chance, the ASA group had greater baseline pain severity, fatigue, health-related physical disability, and sleep problems than the WL group, further supporting our decision to covary baseline values in the analyses. Table 1 presents group outcomes. Controlling for baseline pain level, the ASA group showed significantly lower pain severity at both post-treatment and follow-up than did the WL group. The within-group treatment effect size was 1.11 SD post-treatment and 1.14 SD at 6 months. The between-groups effect size was 1.14 SD post treatment and 1.46 SD at 6 months, favoring the ASA group.
Effectiveness of the ASA Intervention
At 6 months, 45.8% of treatment participants had at least 30% pain reduction, and 20.8% had at least 50% pain reduction, which were significantly greater than the 0% of controls on either index (Χ 2 =12.74, p<0.001, and Χ 2 =4.92, p=0.03, respectively).
Also, a greater proportion of ASA group participants (25%) had less than 3 out of 10 pain severity by 6 months, compared to none of the WL group (Χ 2 =6.06, p=0.02).
Regarding secondary outcomes, the ASA group had lower 6-month scores for pain interference and lower post-treatment and 6-month scores for painful body regions. ASA participants had higher post-treatment and 6-month scores for health-related physical function and higher 6-month tender-point thresholds. The ASA group had less fatigue at post-treatment than the control group, but this difference was not observed at 6 months. No significant group differences were noted in mental function or sleep disturbance. Finally, ASA participants had lower posttreatment and 6-month scores for the belief that one's pain relief depends on "powerful others," such as physicians.
Ancillary analyses addressed the possibility that group differences in outcomes were due to initial baseline differences, that is, that a few ASA group patients with elevated baseline scores subsequently regressed to the mean. We repeated ANCOVAs after removing patients whose baseline scores were beyond 1.5 interquartile range (IQR) above the 75th percentile for pain sensitivity or fatigue, or 1.5 IQR below the 25th percentile for physical function. All significant group differences from the original analyses retained significance and directionality in this subanalysis. Thus, baseline differences did not account for the positive effect of the ASA intervention.
DISCUSSION
This is the first randomized, controlled study to demonstrate the benefits of a primarily affectively oriented group interven-tion for fibromyalgia. We found that a relatively short-duration but intensive intervention (i.e., one individual session and three group sessions over 4 weeks) yielded substantial benefits within 6 weeks, and these benefits were maintained at the 6-month endpoint. It is noteworthy that long-term benefits were observed not only in subjective pain, but also in pressure pain threshold and physical functioning. Improvements in both pain and physical function at 6 months or beyond, using intent-to-treat analyses, have thus far been shown in only a handful of interventions for fibromyalgia [55] [56] [57] [58] [59] .
To date, among non-pharmacological treatments for fibromyalgia, cognitive-behavioral therapy (CBT) has the strongest level of evidence supporting its use 14 . ASA shares some aspects of CBT, particularly a shift in one's perception that health is controlled by external factors, such as physicians, to internal control. However, CBT emphasizes modifying maladaptive thinking and behavioral responses to pain, and typically either avoids patients' negative emotional experiences, or attempts to reduce negative emotions as directly as possible. In contrast, ASA emphasizes the value of approaching or confronting one's stressful experiences, developing awareness of one's emotions and motivations, and encouraging verbal rather than somatic expression 27, 28, 60 . Two prior fibromyalgia studies using written emotional disclosure asked patients to write about stressful experiences for three or four sessions, and improved pain and function were observed after 3 or 4 months, relative to controls 36, 37 . The between-group effect sizes on pain in these earlier studies, however, were only 0.22 and 0.49-substantially smaller than the effects noted in the current study (1.46 at 6 months). It is possible that the additional techniques-such as a clear statement of the key role played by emotions, more intensive and varied written emotional disclosure, inclusion of mindfulness exercises, and a group format-substantially increased the effect compared with expressive writing or mindfulness meditation alone 36, 37, 40 . There are a few noteworthy limitations of this study. First, the control group did not receive any active or placebo intervention, and therefore did not serve as a control for provider attention, peer-group interaction, personal time devoted to recovery, and other non-specific treatment effects. We did not monitor the interventions received by the control group. Second, perhaps due to our rather small sample size, randomization did not evenly distribute patients on some baseline measures. Covariance analyses and removal of baseline outliers, however, did not change the significance of any of our results, and the ASA group had ending values on significant outcomes that were superior to the controls, suggesting that the improvement in the ASA group extended beyond a regression to the mean.
Third, as in any clinical trial, a biased sample may have chosen to participate in this study. However, this sample of women with fibromyalgia was comparable to those reported in highly cited studies with respect to pain 13 , physical function and fatigue 55 , and comorbid affective disorder 56 , and more than one-third of our participants had already tried pharmacological agents approved for the treatment of fibromyalgia in the US (e.g., pregabalin or duloxetine). Thus, the marked improvement seen in this study is unlikely to be explained by sampling bias leading to an easier-to-treat sample population. Nonetheless, it is likely that individuals who agreed to participate were at least open to the possibility that affective factors could be playing a role in their illness. Figure 1 . Subject flow diagram.
Despite our theoretical model, we do not know the mechanisms responsible for the benefits of the ASA intervention, because we did not assess treatment processes, such as changes in emotional awareness or expression. And despite limited sharing of personal information, aspects of the provider-patient relationship and the dynamics of group interactions may play significant roles in patient improvement. As mentioned above, there were no drop-outs from the intervention groups. In addition, attendance was nearly perfect, and the very few patients who missed a single session were contacted by the group leader with the homework assignments. Participants were asked to devote at least an hour per day to course homework and self-care activities, which may have significant benefit, as may behavioral and physical activation 17, 61 .
To address these limitations, we are currently planning a larger study that will not only assess the efficacy of this type of intervention in comparison to an active control group, but will allow for assessment of mediating and moderating variables to help determine mechanisms of action and subgroups of patients that respond best to this intervention.
In conclusion, an affective self-awareness intervention resulted in a sustained reduction in pain and improvement in physical functioning in a sample of women with fibromyalgia compared to wait-listed controls. A notable advantage of the ASA intervention used in this study is the relatively low amount of provider time needed to treat each individual and the relatively short duration protocol. Furthermore, this intervention does not require expensive equipment or pharmaceuticals and may prove to be a preferred adjunctive intervention for fibromyalgia in the primary care setting. Finally, although some practitioners suspect that patients with fibromyalgia are unwilling to consider a psychologically oriented, self-management approach, our experience found substantial interest in this intervention among patients, and attrition was very low. Individuals with fibromyalgia in this study appeared to accept the central messages of the intervention: that the experience of pain in fibromyalgia is real, that fibromyalgia pain is processed in the central nervous system, that unresolved emotional experiences can initiate and perpetuate physical symptoms, and that the mind-body link can be tapped to empower individuals with fibromyalgia to more effectively diminish pain and associated symptoms.
